Objectives-To determine whether blood neutrophils from healthy individuals and blood and synovial fluid neutrophils from patients with rheumatoid arthritis (RA) responded differently to priming agonists and stimuli of the oxidative burst and, if so, whether this was a property of a subpopulation ofneutrophils. Methods-Continuous flow electrophoresis was used to separate neutrophils into subpopulations based upon quantitative differences in net negative surface charge. The generation of superoxide anion (O2-) was used as a measure ofoxidative activity using 10' mom N-formyl-methionylleucyl-phenylalanine (FMLP) as the stimulating agonist and 10 moUl platelet activating factor (PAF) as the priming agent.
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Objectives-To determine whether blood neutrophils from healthy individuals and blood and synovial fluid neutrophils from patients with rheumatoid arthritis (RA) responded differently to priming agonists and stimuli of the oxidative burst and, if so, whether this was a property of a subpopulation ofneutrophils. Methods-Continuous flow electrophoresis was used to separate neutrophils into subpopulations based upon quantitative differences in net negative surface charge. The generation of superoxide anion (O2-) was used as a measure ofoxidative activity using 10' mom N-formyl-methionylleucyl-phenylalanine (FMLP) as the stimulating agonist and 10 moUl platelet activating factor (PAF) as the priming agent.
Results-The production of 02-by blood and synovial fluid neutrophils from RA patients in response to FMLP was greater than that observed with control blood neutrophils (p < 0-001). Priming ofnormal blood neutrophils with PAF increased their FMLP induced oxidative burst (p < 0*001), but PAF treatment had no effect on rheumatoid neutrophils. Neutrophils from synovial fluid of RA patients were less electronegative than paired blood samples and exposure of blood neutrophils to FMLP but not PAF reduced their surface charge. Continuous flow electrophoresis isolated three neutrophil subpopulations: cells of least surface electronegativity were ascribed to pool P1 and cells of greatest surface electronegativity to P3. Normal blood neutrophils from P3, but not PI, showed increased oxidative activity after PAF priming (twofold increase; p < 0.01), whereas the responsiveness ofrheumatoid blood and synovial fluid neutrophils from PI and P3 was not modified by PAF treatment under the same conditions. Conclusion-It is suggested that most of the circulating neutrophils in RA are already in a state of readiness to generate 02-upon activation by an inflammatory stimulus. This is in contrast to normal blood neutrophils, which have both responsive and non-responsive subpopulations with respect to priming agonists.
(Ann Rheum Dis 1995; 54: 916-923)
The heavy infiltration of neutrophils into joint cavities with the concomitant release of lysosomal enzymes and reactive oxygen intermediates may underlie the pathological changes that produce joint damage in rheumatoid arthritis.' 2 Several chemotactic and inflammatory factors appear to recruit neutrophils to inflammatory foci,"8 and a feature of many of these mediators is their ability at low concentrations to prime neutrophils for increased production of superoxide anion when subsequently stimulated. were discarded. The pelleted cells, enriched with neutrophils, were resuspended in ice cold isotonic ammonium chloride for 10 minutes to lyse contaminating erythrocytes and maintain osmolarity. This was followed by additional washes in ice cold HBSS; the cells were further maintained in HBSS at 1 x 107 cells/ml. The purity of neutrophils isolated from blood and synovial fluid was approximately 94% and 90%, respectively.
Cell surface charge Previous work in our group demonstrated that incubation of normal blood neutrophils with hyalase did not modify their surface charge. To determine whether exposure of neutrophils to priming and stimulating agents altered cell surface charge, neutrophils from healthy subjects were divided into three aliquots and either incubated with 1 01 mmol/l PAF or 10-7 mol/l FMLP, or left untreated for 15 minutes at 37°C. The cells were then formaldehyde fixed to prevent further alteration of membrane constituents, by adding to the suspensions an equal volume of 0-8% v/v formaldehyde in HBSS (0 4% v/v final concentration). The suspension was then left to stand at room temperature for 30 minutes. The fixed cells were maintained in HBSS at 4°C until required for separation by CFE.
SEPARATION OF SUBPOPULATIONS OF NEUTROPHILS BY CONTINUOUS FLOW ELECTROPHORESIS
Continuous flow electrophoresis was used to fractionate purified preparations of blood neutrophils from eight RA patients and eight healthy controls. A detailed description of the principles of CFE has been presented elsewhere.'9 Figure 1A illustrates the apparatus used (Elphor Vap 22 CFE apparatus; Bender and Hobein, Munich, Germany) and figure 1B shows typical CFE separation profiles of formaldehyde fixed and unfixed neutrophils from a healthy donor. Briefly, neutrophils were resuspended in a chamber buffer (10 mmol/l triethanolamine, 280 mmol/l glycine and 30 mmol/ glucose) at a concentration of 2-5 x 107 cell/ml and introduced by a continuous flowing film of buffer into the chamber of the apparatus. The cell suspension was injected into the chamber at a flow rate of 2-5 ml/h and the chamber flow rate was maintained at 4.5 ml/h. The current was set at 100 mA, which gave a potential across the chamber of 900-1000 V. Triethanolamine, EDTA and all other routine reagents were of analytical grade and purchased from BDH. The electrode buffer consisted of 100 mmolI triethanolamine and the chamber was held at a constant temperature of 10°C. The mean peak fraction number was determined by turbidometric analysis in a spectrophotometer at an absorbance of 500 nm and confirmed by Coulter counting. Fractionated neutrophils were found in approximately 12 to 15 collecting tubes. Many of these tubes contained cells in concentration less than 1 million and therefore several of them were pooled, on the basis of differences in net negative charge, into three major subpopulations of approximately equal cell number (P1, P2, and P3). The least and most electronegative pools, P1 and P3 respectively, were washed in HBSS before being assayed at the same time as an aliquot of non-fractionated (total pool) cells for 02 production during both stimulated and primed-stimulated conditions.
MEASUREMENT OF SUPEROXIDE PRODUCTION FROM PRIMED AND STIMULATED NEUTROPHILS
Aliquots of isolated neutrophils (1 X 106/ 100 >1l) maintained in Ca2' and Mg>+ containing HBSS were suspended in 900 pA of prewarmed HBSS containing 0-1 mmol/l cytochrome c, 5 mmolI glucose with and without 50 ,ug/ml superoxide dismutase (SOD) (178 U/ml) and placed in temperature controlled cuvettes of a spectrophotometer (Pye Unicam SP8-400). Cells were stimulated to generate superoxide by addition of various concentrations of FMLP (1o-6-1 o8 mol/1).
Platelet activating factor was used as the priming agent of choice, at a concentration Bubble trap Neutrophils derived from the blood and synovial fluid of three patients with RA and fractionated on the same day under identical conditions showed a substantial cathodal shift in the separation profiles ofthose from synovial fluid compared with autologous blood (fig 2) .
Priming alone did not alter the cell surface charge properties of blood neutrophils from healthy subjects, but FMLP stimulation led to a cathodal shift in their charge properties (fig 3) . The electrokinetic profiles of these cells resembled those of synovial fluid neutrophils (fig 2) , in that they appeared to have an overall decrease in net surface charge characteristics when compared with non-treated autologous blood.
COMPARISON OF BLOOD NEUTROPHILS FROM
HEALTHY SUBJECTS AND RA PATIENTS FMLP stimulated generation ofsuperoxide Table 2 shows the production of 02-by blood neutrophils from six control subjects and six patients with severe RA, in response to stimulation by 10--101 molll FMLP. At 10-mom FMLP, the rate of 02 production for RA patients was significantly greater than that for controls (p>0-001). When 10' or 10 moIl FMLP was used as the stimulus there was no significant difference between the two groups. Accordingly, a concentration of 10-7 moml FMLP was considered optimal for distinguishing differences between the two sources of neutrophils and was therefore used throughout the study. FMLP concentrations of 10O-10 mol/l were not studied further as it was reasoned that, if these concentrations of FMLP could not distinguish differences between whole populations ofneutrophils from control and RA subjects, they would be unlikely to identify differences between the P1 and P3 subpopulations in response to FMLP fig 5A) . In contrast, priming had no significant effect on 02-production by rheumatoid neutrophils (fig 5B) . 
COMPARISON OF ELECTROPHORETICALLY SEPARATED SUBPOPULATIONS OF NEUTROPHILS
The amount of 02-generated by the P1 fraction pool of normal neutrophils in response to 10' mol/l FMLP was significantly greater than (up to twice) the amount generated by the P3 fraction which contained the most electronegative cells (p < 0 001) (fig 6) . The P 1 and P3 subpopulations of RA neutrophils did not differ significantly in their FMLP stimulated responsiveness, though both pools produced more 02-than the corresponding control subpopulations (p < 0 01). A similar finding occurred with the P1 and P3 subpopulations of neutrophils from rheumatoid synovial fluid (table 3) .
Effect ofpriming with PAF With control neutrophils, the 02 production by the P3 subpopulation was significantly increased by PAF treatment (table 3, p < 0 01) whereas priming had no effect on the P 1 subpopulation. Pretreatment of the P1, P3, and unfractionated cells from RA blood and synovial fluid with PAF did not enhance their responsiveness to FMLP stimulation. However, the production of 02-by rheumatoid blood and synovial fluid neutrophils in P1 and P3 was greater than that of P1 and P3 control samples (p < 0 01). 
Discussion
Superoxide anion production by neutrophils, which is believed to contribute to both defence against microbial invasion and tissue damage, is regulated by priming of the cells with physiological agonists such as leukotriene B4, interleukin, granulocyte macrophage colony stimulating factor, tumour necrosis factor, and PAF.7 In the present study, blood neutrophils from rheumatoid patients in various stages of disease activity had higher rates of 02-production than cells from healthy individuals in response to stimulation by 10-molI FMLP, 20 Surface charge heterogeneity may arise from subpopulations of different stem cell origin, from late maturational differences emerging before and after entry into the circulation,'5 or as a result of cytokines, primers, stimulants, and other factors acting on the cell surface to initiate membrane reorganisation. Examination of electrophoretic subpopulations of neutrophils in the present study revealed that priming with PAF enhanced the respiratory burst activity of only the P3 subpopulation (most electronegative) from control blood neutrophils. The inability of PAF to increase superoxide production of the other subpopulations of control and RA neutrophils in response to FMLP suggests that these cells were at their maximum threshold of responsiveness under the present experimental conditions. Furthermore, upon activation, the P1 and P3 subpopulations of RA blood and synovial fluid neutrophils produced higher levels of superoxide anion than control cells, implying that these cells had been influenced by one or several in vivo inflammatory factors. This in part would explain why the heterogeneity seen in normal controls is not detectable in RA cells, as exposure of these latter cells to a number of inflammatory agents before isolation may have enhanced the functional responsiveness of these cells above control levels. In addition to surface charge, it is likely that rheumatoid neutrophils differ from control cells in receptor expression and that their surface and functional properties are modified by the effect of in vivo factors such as immune complexes and, in relation to synovial fluid neutrophils, apoptosis. Future studies are planned to examine these possibilities. Although NSAIDs are known to suppress a number of neutrophil functions, to date there is no information to suggest that cell surface properties are modified by these drugs. The implications of neutrophil heterogeneity are considerable in the context of infection and tissue damage, where the rapid extravasation of a primed subpopulation of cells would benefit the acute inflammation but, if continued, would exacerbate the chronic inflammatory response. Unravelling the mechanisms by which neutrophils become activated and their recruitment into the joint cavities of patients with rheumatoid arthritis, by the combined application of CFE with other biochemical and functional techniques promises to be a useful approach, once changes in electronegativity are more clearly defined and understood. 
